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(54) Ink-jet array printhead 

(57) Ink jet array printhead comprising a channel 
plate (14) composed of a plurality of channel piate ele- 
ments (36), wherein each channel plate element has 
formed therein a plurality of parallel channels (22, 24; 
50) separated from one another by partition walls (34), 
each channel has an open end forming a nozzle (26; 
52), and the channel plate elements are arranged side 



by side so that the nozzles form a linear array, charac- 
terized in that the width of the channels (22. 24; 50) is 
smaller than that of the nozzles (26; 52), and the chan- 
nels of each channel plate element (36) are arranged 
with a constant effective pitch (Dc) which is smaller than 
that (Dn) of the nozzles. 
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Description 

[0001] The invention relates to an ink jet array print- 
head and methods for manufacturing the same. 
[0002] US-A-5 410 340 discloses an inkjet array print- 
head comprising a channel plate composed of a plural- 
ity of channel plate elements, wherein each channel 
plate element has formed therein a plurality of parallel 
channels separated from one another by partition walls, 
each channel has an open end forming a nozzle, and 
the channel plate elements are arranged side by side so 
that the nozzles form a linear array. 
[0003] This known device is a so-called bubble jet 
printhead in which a heating element is associated with 
each of the channels in order to temporarily heat the ink 
in the channel, thereby to create a bubble in the ink and 
to generate a pressure sufficient for expelling an ink 
droplet out of the nozzle. The manufacturing process for 
this printhead includes the steps of forming heating ele- 
ments arranged in a row on the surface of a silicon 
wafer, dicing the wafer into tiles which have the same 
size as the channel plate elements, and sandwiching 
the tiles and the channel plate elements so that the 
positions of the heating elements coincide with those of 
the channels. In order to provide sufficient space for the 
dicing cuts and to avoid any damage to the heating ele- 
ments adjacent to these dicing cuts, at least the first and 
the last heating element of each tile are slightly dis- 
placed inwardly so that they are slightly offset from the 
center of the corresponding channel. 
[0004] EP-A-0 402 1 72 discloses an array printhead in 
which the necessary pressure tor expelling ink droplets 
is generated by means of piezoelectric actuators. The 
actuators are respectively disposed above the ink chan- 
nels with the interposition of a flexible plate which flexes 
in accordance with the expansion and retraction strokes 
of the piezoelectric actuators so that pressure waves 
are generated in the ink volume in the channels. In this 
type of printhead the width of the end of the channel 
forming the nozzle should be reduced so that the width 
of the channel itself is larger than the width of the noz- 
zle. 

[0005] As similar device is disclosed in applicant's co- 
pending European Patent Application No. 96 202 043.4 
filed on July 18. 1996. 

[0006] It is of course desirable that the nozzles of the 
linear array are arranged with a constant pitch through- 
out the printhead. When the channel plate has a one- 
piece construction, this can easily be achieved by form- 
ing the channels and the nozzles according to a regular 
pattern. In order to achieve a high image resolution it is 
further desirable that the pitch of the nozzles is made as 
small as possible. As a result, the width of the channels 
and, in particular, the width of the partition walls sepa- 
rating the same has to be made very small. In a practi- 
cal example, the width of the partition walls is only in the 
order of 40 pm. In the production of such minute struc- 
tures it is inevitable that, occasionally, manufacturing 



errors occur which make the whole device unusable. 
When the number of channels is increased the likeli- 
hood of such errors is also increased and. accordingly, 
the production yield becomes lower. For manufacturing 

5 a large array printhead, e.g. a printhead extending over 
the whole width of a page to be printed, it would there- 
fore be desirable to divide the channel plate into a plu- 
rality of separate channel plate elements so that, in 
case of a defect, it is sufficient to replace the defective 

10 element rather than discarding the whole channel plate. 
[0007] The channel plate elements have to be butted 
appropriately in order to achieve a continuous nozzle 
array with constant pitch. This, however, leads to the 
problem that only a limited space is available for outer 

is walls limiting the channels adjacent to the butted edges 
of the channel plate elements. The thickness of these 
outer walls could not be larger than half the thickness of 
the partition walls separating the individual channels 
within the channel plate. Since the thickness of the par- 

20 tition walls is comparatively small already, it would be 
problematic to manufacture outer walls having only half 
this thickness, and this would again increase the likeli- 
hood of defects. 

[0008] It is an object of the present invention to pro- 
25 vide an ink jet array printhead the channel plate of which 
is composed of a plurality of channel plate elements and 
the nozzles of which are nevertheless arranged at a 
constant pitch also across the boundaries of the chan- 
nel plate elements, and which can be manufactured with 
30 high production yield. 

[0009] This object is achieved with the features indi- 
cated in claim 1 . 

[0010] Suitable methods for manufacturing such a 
printhead are indicated in claims 7 and 8. 

35 [0011] According to the invention, the channels of 
each channel plate element are arranged with a con- 
stant pitch which is smaller than that of the nozzles. 
[001 2] As a result, the positions of the nozzles relative 
to the channels vary over the width of the nozzle plate 

40 element. In general, there will be a zone in the central 
part of the nozzle plate element, where the nozzle is 
disposed near the widthwise center of the associated 
channel, whereas in other zones of the channel plate 
element the nozzle will be laterally offset from the center 

45 of the channel. This offset increases proportionally with 
the distance from the zone where the nozzle is centered 
on the channel. Thus, if the width of the channel plate 
element were infinite, there would occur "blind chan- 
nels" which are skipped in the sequence of nozzles and 

so do not overlap with any nozzle. The locations of these 
"blind channels" are suitable for placing dicing cuts sep- 
arating the channel plate into individual channel plate 
elements, thereby providing enough space for making 
the outer walls of the adjacent channels thicker. 

55 [001 3] More specific features of the printhead accord- 
ing to the invention are indicated in the dependent 
claims. 

[001 4] In a pref ened embodiment the thickness of the 
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outer walls adjacent to the edges of the channel plate 
elements have the same thickness as the partition 
walls. This eliminates variations in the droplet genera- 
tion processes in the various channels which might oth- 
erwise be caused by differences in the mechanical s 
strength of the walls limiting the channels. 
[0015] If the printhead is of a type employing piezoe- 
lectric actuators, these actuators may be arranged with 
the same constant pitch as the channels. It is preferable 
that the actuators are integrated into a number of actu- 10 
ator members each comprising a plurality of actuators. 
The boundaries between the actuator members may 
then coincide with the boundaries between the channel 
plate elements. 

[0016] The center to center distance between two 75 
channels situated on either side of a boundary between 
two channel plate elements may be twice the pitch of 
the channels within the channel plate elements. This 
has the advantage that the actuator members can be 
dimensioned and arranged regardless of the bounds- 20 
ries between the channel plate elements, because the 
pitch of the actuators will always fit with the pitch of the 
channels. The actuators that are located at the bounda- 
ries of the channel plate elements and accordingly have 
no channel associated therewith, will of course not be 25 
actuated and may serve as support members for bear- 
ing the reaction forces generated by the active actua- 
tors. 

[0017] One method of manufacturing the printhead 
according to the invention comprises the steps of form- 30 
ing channels and nozzles in the surface of a wafer such 
that the pitch of the channels is smaller than that of the 
nozzles, and cutting the wafer at appropriate positions 
in order to obtain a plurality of channel plate elements 
from one and the same wafer. 35 
[001 8] When the nozzles are formed in the surface of 
the wafer, the center to center distance of the two noz- 
zles positioned on either side of the location of a dicing 
cut may be equal to the pitch of the other nozzles but 
may also be smaller or larger than this pitch. These dif- 40 
ferences can be compensated either by leaving an 
appropriate gap between the adjacent channel plate 
elements or, when the distance is larger than the regular 
pitch, by increasing the width of the dicing cut, so that 
the channel plate elements can then be brought closer 4S 
together. 

[001 9] An alternative method of manufacturing a print- 
head according to the invention comprises the steps of 
forming channels in the surface of a wafer, dicing the 
wafer into a plurality of channel plate elements, arrang- so 
ing the channel plate elements side by side to form the 
complete channel plate, preparing a nozzle plate with 
orifices defining the nozzles arranged with pitch differ- 
ent from that of the channels and mounting the nozzle 
plate in front of the channel plate so that each nozzle ss 
falls within the cross section of an open end of one of 
the channels. 

[0020] In this case the nozzle plate may be divided 



into several elements according to the same pattern as 
the channel plate or according to a different pattern. 
[0021 ] Preferred embodiments of the invention will 
now be explained in detail in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a cross-sectional view of a part of a print- 
head according to a first embodiment of the 
invention; 

Fig. 2 is a plan view of a channel plate of the print- 
head shown in Fig. 1 ; 

Fig . 3 is a plan view of a wafer from which the chan- 
nel plate shown in Fig. 2 is made; 

Fig. 4 is a cross-sectional view of essential parts of 
a printhead according to another embodi- 
ment of the invention; 

Fig. 5 is a horizontal cross-section of a printhead 
according to yet another embodiment of the 
invention; and 

Fig. 6 is a plan view of a wafer from which the chan- 
nel plate of the printhead shown in Fig. 5 is 
made. 

[0022] The printhead 10 shown in Fig. 1 has a layered 
structure and comprises a support plate 12, a channel 
plate 14, a flexible plate 16, an actuator system 18 and 
a backing plate 20. 

[0023] As can be seen more clearly in Fig. 2, a plural- 
ity of parallel channels 22, 24 are formed in the top sur- 
face of the channel plate 14 which is preferably made of 
graphite. The rear ends of the channels 22, 24, as 
viewed in Fig. 1 , are formed as nozzles 26. The open 
top sides of the channels 22, 24 and the nozzles 26 are 
covered by the flexible plate 26, e.g. a thin glass plate. 
The actuator system 18 is formed by a plurality of piezo- 
electric actuator members 28 which have a comb-like 
structure and each comprise a number of parallel fin- 
gers 30, 32 the lower ends of which are bonded to the 
flexible plate 16. The top ends of the fingers are con- 
nected by a bridge portion of the actuator member, and 
the backing plate 20 is fixed to the top surfaces of the 
bridge portions of the various actuator members 28. 
[0024] The fingers 30, 32 are aligned in parallel with 
channels 22, 24. The piezoelectric material of the fin- 
gers 30 is polarized so that these fingers serve as pie- 
zoelectric actuators. These actuators are arranged in 
pairs, and the fingers 32 are interposed between the 
actuators 30 of each pair and serve as support mem- 
bers for bearing the reaction forces of the actuators. 
[0025] As is shown in Fig. 1, each of the actuators 30 
is disposed above one of the channels 22, 24, whereas 
the support members 32 are disposed directly above 
partition walls 34 separating the individual channels. 
[0026] The printhead 1 0 further comprises an ink sup- 
ply system for supplying liquid ink to each of the chan- 
nels 22, 24 as well as electrodes and electronic control 
means for energizing the actuators 30 individually. 
These components are generally known in the art and 



5 



EP 0 921 003 A1 



6 



are therefore not shown and described here. When, in 
operation, one of the actuators 30 is energized, it first 
performs a retraction stroke so that the portion of the 
flexible plate 16 connected to this actuator is flexed 
upwardly and additional ink is sucked into the associ- 
ated channel. Then, the actuator performs an expan- 
sion stroke so that the flexible plate 16 is flexed 
downwardly into the channel, and the liquid in this chan- 
nel is pressurized so that an ink droplet is expelled from 
the nozzle 26. 

[0027] The channel plate 1 4 is composed of a plurality 
of separate channel plate elements 36 only one of 
which is shown in its entirety in Fig. 1 . The channel plate 
elements 36 are arranged side by side, and the bound- 
aries between these elements are designated by refer- 
ence numerals 38. 

[0028] As is shown in Fig. 2, the nozzles 26 are 
arranged at a constant pitch Dn throughout the print- 
head, i.e. the distance between two adjacent nozzles 
belonging to the same channel plate element 36 is the 
same as the distance between two nozzles disposed on 
either side of a boundary 38. Thus, when a sheet of 
printing paper is moved past the printhead 10 in the 
direction orthogonal to the row of nozzles 26, and all 
actuators are energized periodically at the same timing, 
a regular matrix pattern of dots will be printed on the 
paper. In a practical application an ink jet printer will 
comprise several printheads 10 which are staggered 
appropriately and will fire at appropriate timings so that 
additional dots are printed in the gaps between the noz- 
zles 26 of the other printheads, so that a higher resolu- 
tion is achieved. 

[0029] For illustration purposes the channel plate ele- 
ment 36 in Figs. 1 and 2 is shown to comprise only eight 
channels 22, 24. In practice, however, the number of 
channels per channel plate element may be considera- 
bly larger, e.g. 150 or more. The channels 22, 24 
belonging to the same channel plate element 36 are 
also arranged with a constant pitch Dc. However, as is 
shown in Fig. 2, this pitch Dc is slightly smaller than the 
pitch Dn of the nozzles 26. The width of the nozzles 26 
is considerably smaller than the width of the channels 
22, 24. In a practical example the width of the nozzles 
may be 40 pm whereas the width of each channel may 
be approximately 300 um. In case of the channels 22 
located in the central portion of the channel plate ele- 
ment 36, the nozzles 26 are positioned substantially at 
the center of the channel, whereas, the more one 
approaches to the lateral ends of the channel plate ele- 
ment, the more the nozzle is offset outwardly from the 
center of the channel. As a result, the center to center 
distance Dc* of the two channels 24 situated on either 
side of a boundary 38 is considerably larger than the 
regular pitch Dc of the channels. This has the advan- 
tage that, in spite of the constant pitch Dn of the noz- 
zles, the channels 24 adjacent to the boundary 38 can 
be limited by outer walls 40 which have the same thick- 
ness as the partition walls 34 between the channels 22 



within the channel plate element 
[0030] In the shown embodiment the individual chan- 
nel plate elements 36 are so positioned on the support 
plate 12 that the distance between the nozzles of the 

5 channels 24 adjacent to the boundary 38 is equal to Dn, 
and a small gap is formed between the channel plate 
elements. As an alternative, this gap may be filled with 
an appropriate spacer element or the outer walls 40 
may be made thicker so that the channel plate elements 

10 36 can directly be butted against each other. 

[0031 ] In the embodiment shown in Figs. 1 and 2 there 
is a one-two-one relationship between the channel plate 
elements 36 and the actuator members 28. In a modi- 
fied embodiment there may be provided larger actuator 

is members which extend over the boundaries between 
the channel plate elements 36. In this case it may be 
preferable to make the distance Dc* equal to 2 Dc, so 
that the actuator member can have a uniform pattern of 
fingers 30, 32 regardless of the boundaries 38 of the 

20 channel plate elements. 

[0032] A plurality of channel plate elements 36 can 
efficiently be manufactured by forming the channels 22. 
24 and the nozzles 26 in the surface of a larger wafer 42 
a portion of which is shown in plan view in Fig. 3, and 

25 then performing dicing cuts 44 to form the individual 
channel plate elements. When the channels 22, 24 are 
formed on the wafer, the distance between the channels 
24 can be selected appropriately in view of the width of 
the dicing cut 42. If desired, the thickness of the outer 

30 walls 40 can be made either larger or smaller than that 
of the partition walls 34. It is preferable, however, that 
the thickness of the outer walls 40 is larger than half the 
thickness of the partition walls 34. 
[0033] Since there is a one-two-one correspondence 

35 between the actuator members 28 and the channel 
plate elements 36, and the actuators 30 are arranged in 
pairs in the embodiment shown in Fig. 1, each channel 
plate element 36 has an even number of channels. 
[0034] In order to avoid sharp bends in the flexible 

40 plate 26 when the same is displaced by the actuators, it 
is desirable that the actuators 30 are sufficiently spaced 
away from the partition walls 34 and the outer walls 40 
of the channels. This is why, in Fig. 1 , the fingers 30 and 
32 are arranged in a non-regular pattern, which may 

45 however be problematic from the viewpoint of manufac- 
turing. 

[0035] Fig. 4 illustrates a modification in which all the 
fingers 30 and 32 of the actuator member 28 are 
arranged with equal spacings. In this case, the channels 

so 46, 48 of the channel plate 14 are arranged in pairs cor- 
responding to the pairs of actuators 30. A sufficient 
spacing of the actuators from the partition walls and end 
walls of the channels is achieved by slightly displacing 
the two channels 46 and 48 of each pair outwardly rela- 

55 tive to the associated support finger 32. Thus, strictly 
speaking, the channels 46, 48 of the channel plate ele- 
ment 36 are no longer arranged with a constant pitch. It 
is possible however to define an effective pitch Dc as 
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one half of the distance between two adjacent pairs of 
channels 46, 48. This effective pitch Dc is then constant 
over the whole channel plate element 36. 
[0036] In the embodiments described above the noz- 
zles 26 are formed in the channel plate 14 by converg- 
ing the channels in the end portion forming the nozzle. 
Figs. 5 and 6 show an embodiment in which the chan- 
nels 50 are formed by straight grooves, and the nozzles 
52 are defined by orifices formed in a separate nozzle 
plate 54 which is fixed to the front face of the channel 
plate 14, the flexible plate 16, etc.. The channel plate 
elements 36 according to this embodiment can simply 
be manufactured by cutting a regular pattern of straight 
grooves into the surface of the wafer 42, regardless of 
the boundaries between the channel plate elements to 
be formed therefrom. Then, dicing cuts 44 are formed 
along the center lines of some of the grooves 50' which 
will thereby be removed. 

Claims 

1. Ink jet array printhead comprising a channel plate 
(14) composed of a plurality of channel plate ele- 
ments (36), wherein each channel plate element 
has formed therein a plurality of parallel channels 
(22, 24; 50} separated from one another by partition 
walls (34), each channel has an open end forming a 
nozzle (26; 52), and the channel plate elements are 
arranged side by side so that the nozzles form a lin- 
ear array, characterized in that the width of the 
channels (22, 24; 50) is larger than that of the noz- 
zles (26; 52), and the channels of each channel 
plate element (36) are arranged with a constant 
effective pitch (Dc) which is smaller than that (Dn) 
of the nozzles. 

2. Ink jet array printhead according to claim 1 , wherein 
the channels (24) adjacent to boundaries (38) 
between different channel plate elements (36) are 
limited by outer walls (40) the thickness of which is 
larger than half the thickness of the partition walls 
(34). 

3. Ink jet array printhead according to claim 2, wherein 
the thickness of the outer walls (40) is larger than or 
equal to the thickness of the partition walls (34). 

4. Ink jet array printhead according to any of the pre- 
ceding claims, wherein the center to center dis- 
tance (Dc*) between two channels (24) on either 
side of a boundary (38) between different channel 
plate elements (36) is equal to twice the pitch (Dc) 
of the channels within the channel plate element. 

5. ink jet array printhead according to any of the pre- 
ceding claims, wherein each of the channels (22, 
24; 50) is associated with a piezoelectric actuator 
(30) for pressurizing liquid ink contained within said 



channel. 

6. Ink jet array printhead according to any of the pre- 
ceding claims, wherein the nozzles (52) are defined 

5 by orifices formed in a nozzle plate (54). 

7. Method of manufacturing an ink jet array printhead 
according to any of the claims 1 to 5, comprising the 
steps of: 

10 

- forming parallel channels (22, 24) in the sur- 
face of a wafer (42), each channel having a 
reduced end forming a nozzle (26), said chan- 
nels (22, 24) being arranged in groups in which 

is the nozzles (26) have a constant pitch (Dn) and 

the channels (22, 24) have a constant pitch 
(Dc) which is smaller than that of the nozzles, 
so that the nozzles (26) are outwardly offset 
relative to the widthwise center of the channel. 

20 and this offset increases towards both ends of 

the group, 

performing dicing cuts (44) between the chan- 
nels (24) defining the ends of each group, 
thereby to form a plurality of channel plate ele- 
25 merits (36), and 

positioning the channel plate elements (36) 
side by side so that the nozzles (26) of the var- 
ious channel plate elements (36) form an array 
with constant pitch (Dn). 

30 

8. Method of manufacturing a printhead according to 
claim 6, comprising the steps of: 

forming parallel straight channels (50,500 in 
35 the surface of a wafer (42), said channels hav- 

ing an open end and being arranged in groups 
within which the pitch (Dc) of the channels is 
constant, 

performing dicing cuts (44) in the wafer, 
40 thereby separating the groups form each other 

and forming separate channel plate elements 
(36). 

positioning the channel plate elements (36) 
side by side, 

45 - forming a linear array of nozzle orifices (52) in 
a nozzle plate (54). the pitch (Dn) of the nozzle 
orifices being larger than that (Dc) of the chan- 
nels, and 

- mounting the channel plate (54) in front of the 
so open ends of the channels (50) of the nozzle 

plate elements (36) so that each nozzle orifice 
(52) communicates with one of the channels. 

9. Method according to claim 8, wherein all the chan- 
55 nels (50.50*) formed in the wafer (42) have a con- 
stant pitch and some (50') of the channels are at 
least partly removed by performing the dicing cuts 
(44). 
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